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ABSTRACT 
Constraint of peat land utilization is low nutrent content. This research was conducted to determine 
the potency of phosphate solubilizing microbes (PSM) in solubilizing P yto increase the growth and 
P uptake of plant in peat soil. Based on their ribosomal DNA the best PSM were identified as 
Burkholderia gladioli nd Penicillium aculeatum that yield the highesr growth aphosphate uptake of 
oil palm seedling. 
 
© 2014 The Authors. Published by Elsevier Ltd.  
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INTRODUCTION 
Peat land is a land that is formed from plant debris pile that had decomposition and 
transport. Peat in the tropics generally is unique in the characteristics. Peat soil have high acidity, 
high organic matter, but low nutrient content. Peat land areas in Indonesia, covering 14.9 million 
hectares, are spread mainly in Sumatera, Kalimantan and Papua [17] with high variability in terms 
of thickness, maturity and fertility. However, only 9 million ha of it can be used for agricultural 
development. Based on the maturity level, peat is distinguished as: Saprists peat; Hemic and Fibric. 
Saprists peat is peat that has suffered the maximum decomposition (decay rate of more than 75%) 
with characteristic dark brown color. The blacker color of peat, the more fertile soil. 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The constraint of peat land for agriculture development is low nutrients content and high 
water table. Phosphate elements in peat lands were fixated by Fe or Al in the range of 0:17 to 0:33 
phospholipids mg g-1 [3], so that it is not available and only 30% of them can be up taken by crops. 
Less nutrient of P uptake resulted in abnormal growth and low crop production [18]. Mineralization 
processes performed by microbes through organic acid production mechanism will enhance the 
availability of P. However microbe is affected by the pH, temperature and organic C content. 
Naturally, microbes are available in abundance including types of bacteria, fungi and 
actinomycetes that affect of the soil health. Suriadikarta [21] mentions that Bacillus subtilis, B. 
mycoides and B. mesentericus can mineralize  organic P (FePO4), Ca3 (PO4)2, and solubilizing  P 
glicerophosphate, lecithin and bone meal in vitro with the rate of 2-7, 3-9, 3-13, 5-21, and 14 
percent, respectively. Further more Nenwani [14] reported that Bacillus firmus strain B 2 solubelize 
respectively 0.3, 0.9 and 0.3 percent compound Ca3 (PO4)2 but not capable of dissolving AlPO4 and 
FePO4.  Banik and Dey [2] mentions that the fungi is capable to solubilizing  P in the form of AlPO4 
on acid soils,  even higher than bacteria [12]; [11]; [9]. Its  ability in  P solubilized  between 12 to 
162 ppm in the Pikovskaya’s medium containing AIPO4 and relatively more soluble at 27-47% 
[13]. Availability of phosphate resulted in an increase in plant growth and yield [8], reducing the 
use of fertilizers [20]  [23]. 
The information of phosphate solubilizing microbes at saprists peat has not been studied 
deeply. Therefore, this study aimed to determine the potency of P solubilizing microbe from saprists 
peat soil in order to improve the efficiency of fertilizer in peat land.  
 
MATERIALS AND METHODS 
 This research was conducted at Pelalawan Regency Riau province from June 2013 to Mei 
2014. Phosphate solubilization and soil analysis were done in Indonesian Vegetables Research 
Institute in Lembang, Bandung. 
 
Material 
 Peat soil as sample was taken from Pelalawan saprists peat soil divided at 4 soil depths 
which are 0-30 cm; 30-60 cm; 60-90 cm and 90-120 cm, Pikovskaya’s agar medium containing 
Al3PO4 and Ca3PO4 was obtained from CV Bangun Pratama, NaCl 0.85%,  90 - 95% alcohol, and 
germinated palm oil 
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Isolation and characterization  
Sampling was conducted using peat drill. Soil samples were cleaned from dirt and rocks, and 
weighed as much as 100 g. Ten gram of soil samples were suspended in a test tube until the density 
of 10-12 CFU. Isolation is done by growing the microbial suspension into Petri dishes with medium 
that containing Al3PO4 and Ca3PO4 Pikovskaya’s. To avoid contamination, the medium was added 
biocide Rifamycin. The phosphate solubilizing ability of microbe was shown by the formation of 
clear zone. The P solubilizing activity was then calculated by clear zone ratio.  
Clear zone ratio =       Clear zone diameters 
                                     Colony diameters 
 
The analysis of the phosphate solubilizing microbe in liquid media was conducted using a 
spectrometer at a wavelength of 700 nm.  
 
Identification of phosphate solubilizing microbe 
Identification of the phosphate solubilizing bacteria was conducted with 16 S partial 
ribosomal DNA. Extraction of the DNA was conducted using GES method according to Pitcher 
[16]. Meanwhile, extraction of fungi was done using Phytopure reagents. The PCR nucleon 
amplification in bacteria was perform using 20 F Primaries (5'-GATTTTGATCCTGGCTCAG-3') 
and 1 500 R (5-GTTACCTTGTTACGACTT-3'), whereas the fungi used primary 
ITS4:5...TCCTCCGCT TAT TGA TAT GC-3 and primary ITS5:5...GGA AGT AAA AGT CGT 
AAC AAG G.3. The product of PCR was purified using PEG precipitation method [10] and 
continued with sequencing cycle. The product of sequencing cycle was purified again with Ethanol 
purification method. Analysis of the nitrogen base sequence was readout using automated DNA 
sequence (ABL PRISM 3130 Genetic Analyzer) (Applied Bio-systems). The data in the subsequent 
sequencing results is trimmed with MEGA 4 program assembled with Bio-edit program and 
converted into FASTA format. The results of DNA sequencing in the form of FASTA format were 
used for further check in the BLAST homology searching on line in the center of the DNA in the 
DDBJ data base (http://www.ddbj.nig.ac, ip) and or NCBI (http:1&wr.v.nchi.nlm.nlh.sov/).  
 
Effect of phosphate solubilizing microbe inoculation on palm oil seedling growth and P uptake  
The research was conducted at Pekanbaru, Riau province from October 2013 to March 
2014, using Randomized Block Design with 3 replication. The plant material was oil Palm 
AA.TOPAS 3 aged 4 months. The treatments tested were i0= without isolate (control), i1= isolate of 
Burkholderia gladioli bacteria, i2=isolate of Penicillium aculeatum  Inoculation of the isolate was 
carried out by pouring about 15 ml liquid culture of isolates which has density of 10-9 CFU in 
around the palm seedling in the afternoon. At 20 weeks after treatment, the plants carefully 
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removed, cleaned up of soil and washed to the soil attached to the roots separated and then were 
weighed of roots weight, stems and leaves and analyzes to determine the nutrient content of P using 
the wet ashing methods, P uptake is value of P in percent x 10, whereas measurement of available P 
using P Bray I methods. The parameters observed were the seedling growth (plant height (cm), the 
numbers of leaves, leaf width (cm), leaf length (cm), the trunk diameters (cm), fresh weight (g), dry 
weight (g), P uptake (mg/plant), P nutrient content (ppm) and available soil P (ppm).  The data 
collected was tabulated and analyzed using SPSS ver. 16. 
 
RESULT AND DISCUSSION 
The results showed that the number of phosphate solubilizing microbe colonies at various 
depths and media was not significantly different (Table 1). It supposes up to 120 cm is suitable for 
microbial growthdue to the depth of 120 cm is still found the roots plants that emit exudates play a 
role as a carbon source for the microbes.  
 
Table 1.  The number of phosphate solubilizing microbial at various depth of saprists peat in Riau 
province 
No Depth (cm)  Average colony number 
(109) 
Pikovskaya Ca   
1 0-30 : 274 
2 30-60 : 336 
3 60-90 : 373 
4 90-120 : 353 
Pikovskaya Al  
1 0-30 : 163 
2 30-60 : 289 
3 60-90 : 145 
4 90-120 : 183 
 
The number of phosphate solubilizing microbe colony on Pikovskaya’s media containing 
Ca3PO4 was higher compared to those containing Al3PO4. It indicates that the calcium phosphate is 
more easily broken down by microbes compared to Al3PO4. Although the number of colonies that 
grew on Pikovskaya’s media was high, not all colonies showed the ability to solubilizing phosphate 
as indicated by the clear zone formation. There were only 8 bacteria isolates and 9 isolates of fungi 
which could be purified.  
 
The ability of bacteria in solubilizing phosphate 
 Phosphate solubilizing ability is affected by the species and the type of growing medium. 
The bacterial characteristics and ability in solubilizing phosphate can be seen at Table 2.  
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Table 2.  The characteristic and phosphate solubilizing ability of its bacteria  
 
Isolate 
 
origin 
Character Zone ratio  
(cm) 
Availability on phosphate 
soluble (ppm) 
shape Color Al3PO4 Ca3PO4 Al3PO4 Ca3PO4 
PO4  P2O5  PO4  P2O5  
9.3 90-120 asymmetric  Crème 1.125 3.44 141 106 306 228 
7.1 0-30 asymmetric Crème - 5.23 144 108 267 200 
8.1 0-30 asymmetric Crème - 3.39 144 108 245 183 
9.5 90-120 asymmetric Crème - 2.84 137 102 227 170 
3.6 30-60 asymmetric White - 2.71 128 96 194 145 
5.7 0-30 asymmetric crème 1.25 2.84 137 102 155 116 
3.4 30-60 asymmetric brownies - 4.00 135 101 153 114 
11.2 30-60 asymmetric crème - 2.48 138 103 148 111 
 
Table 2.  Shows that the bacterial isolates grown on Ca3PO4 medium demonstrated the ability of 
phosphate solubilization higher than those grown on Al3PO4. The highest solubilization was 
observed at isolates 9.3 that grown on Ca3 PO4 (306 ppm PO4 equivalent to 228 ppm P2O5); while 
the lowest was isolates 3.6 grown on Al3PO4 medium (128 ppm PO4 equivalent to 96 ppm P2O5). 
This suggests that the bacteria have better ability to solubilize P on medium that contain Ca than the 
Al.  
Table 3.  The ability of fungi on phosphate solubilizing at days 7 
 
Isolate 
 
origin 
character Zone ratio 
(cm) 
Availability on phosphate soluble 
(ppm) 
shape color Al3PO4 Ca3PO4 Al3PO4 Ca3PO4 
PO4 P2O5 PO4 P2O5 
3.2 30-60 asymmetric White - 1.42 284.39 212.44 231.83 173.18 
6.3.1 90-120 asymmetric White with 
orange on 
base 
1.48 1.42 264.74 197.76 240.18 179.42 
12.1 0-30 asymmetric white 
brownies 
on base 
- 1.56 235.27 175.75 256.88 191.89 
4.11 30-60 asymmetric White 
green 
- 1.16 213.17 159.24 76.62 57.24 
6.3.2 90-120 asymmetric White 
green 
- 1.34 189.10 141.26 169.95 126.95 
7.2 0-30 asymmetric Green with 
reddish ban 
- 1.32 182.72 136.49 128.69 96.13 
8.6 90-120 asymmetric white - 1.11 174.86 130.62 76.13 56.87 
2.9 60-90 asymmetric white - 1.31 164.05 122.55 226.43 169.15 
14 0-30 Elongate 
rounded 
yellow - 1.59 143.42 107.14 129.67 96.86 
The fungal characteristics and ability to solubilizing phosphate can be seen at Table 3. As 
can be seen on peat soil, phosphate solubilizing fungi have a tendency to have higher P 
solubilization in the Pikovskaya medium containing Al3PO4 compared to those containing Ca3PO4. 
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This is because fungi are generally more resistant to high acidity level compared to bacteria. Isolate 
3.2 showed the highest phosphate solubilisation with 284,395 ppm PO4 equivalent to 212, 443 ppm 
P2O5 and the lowest phosphate solubilizing fungi is isolate 6.8. So isolate 3.2 is potentially to 
increase the plant growth and yield. Yasser [22] reported that Aspergillus niger, Penicillium 
variable and Trichoderma harzianum showed the potential solubilization or activity about 1.67; 
0.55 and 0.32 % whereas the pH value of the culture filtrate were 3.6; 4.3 and 5.0, respectively.  
Molecular identification of the bacterial isolate 9.3 showed that this isolate has 99 % 
similarity with Burkholderia gladioli (OMI strain 16 S); whereas fungal isolate 3.2 has 100 % 
similarity with Penicillium aculeatum (strain LP 67). The sequence of DNA of Burkholderia 
gladioli is: 
CAGCACGGGTGCTTGCACCTGGTGGCGAGTGGCGAACGGGTGAGTAATACATCGAACA
TGTCCTGTAGTGGGGGATAGCCCGGCGAAAGCCGGATTAATACCGCATACGATCTACG
GATGAAAGCGGGGGACCTTCGGGCCTCGCGCTATAGGGTTGGCCGATGGCTGATTAGC
TAGTTGGTGGGGTAAAGGCCCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGACG
ACCAGCCACACTGGGACTGAGACACGGCCCAGACTTTTACGGGAGGCAGCAGTGGGG
AATTTTGGACAATGGGCGAAAACCTGATCCAAGCAATGCCGCGTGTGTGAAGAAGGCC
TTTCGGGTTGTAAAGCACTTTTGTCCGGAAAGAAATCCTGAGGGCTAATATCCTTCGGG
GATGACGGTACCGGAAGAATAAGCACCGGCTAACTACGTGCAGGCGGTTTGTTAAGAC
CGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTGGTGACTGGCAAGCAAGCTA
GAGTATGGCAGAGGGGGGTAGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGTG
GAGGAATACCGATGGCGAAGGCAGCCCCCTGGGCCAATACTGACGCTCATGCACGAA
AGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAA
CTAGTTGTTGGGGATTCATTTCCTTAGTAACGTAGCTAACGCGTGAAGTTGACCGCCTG
GGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGACCCGCACAAGCGG
TGGATGATGTGGATTAATTCCATGCAACGCGAAAAACCTTACCTACCCTTGACATGGTC
GGAACCTTGGAGAGATCCGAGGGTGCTCGAAAGAGAACCGATACACAGGTGCTGCAT
GGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC
TTTGTCCTTAAGTTGCTACGCAAGAACACTTCTAGGGGAGACTGGCCGGTGACAAACC
GGAAGGAAGGTGGGGGATGACCTCCAAGTCCCTCATGGGCCCTTTATGGGGTAAGGGC
TTCCACACGTCATACAATGGTCGGAACAGAGGGTCGCCAACCCGCGAGGGGGAGCTAA
TCCCAGAAAACCGATCGTAGTCCGGATTGCACTCTGCAACTCGAGTGCATGAAGCTGG
AATCGCTAGTAATCGCGGATCAGCATGCCGCGGTCAATACGTTCCCGGGTCTTGTACAC
ACCGCCCGTCACACCATGGGACTGGGTTTTACCAGAAGTGGCTAGTCTAACCGCAAGG
AGGACG. 
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Whereas the DNA sequence of isolate 3.2 is: 
ITS4 
TATGGTGGTGACCAACCCCCGCAGGTCCTTCCCGAGGCGAGTGACAAAGCCCCATACG
CTCGAGGACCAGACGGACGTCGCCGCTGCCTTTCGGGCAGGTCCCCGGGGGGACCACA
CCCAACACACAAGCCGTGCTTGAGGGCAGAAATGACGCTCGGACAGGCATGCCCCCCG
GAATGCCAGGGGGCGCAATGTGCGTTCAAAGATTCGATGATTCACGGAATTCTGCAAT
TCACATTACTTATCGGATTTCGCTGCGTTCTTCATCGATGCCGGAACCAAGAGATCCAT
TGTTGAAAGTTTTGACAATTTTCATAATACTCAGACAGCCCATCTTCATCAGGGTTCAC
AGAGCGCTTCGGCGGGCGCGGGCCCGGGGACGTGCGTCCCCCGGCGACCAGGTGGCCC
GGTGGCCCGCCAAAGCAACAGGTGTATAGAACAAGGGTGGGAGGTTGGGCCGCGAGG
GCCCGCACTCGGTAATGATCCTTCCGCAGGTTCACCTACGGAAACCTCGTTACGA. 
ITS5 
CCTCCACCCTTGTCTCTATACACCTGTTGCTTTGGCGGGCCCACCGGGGCCACCTGGTC
GCCGGGGGACGCACGTCCCCGGGCCCGCGCCCGCCGAAGCGCTCTGTGAACCCTGATG
AAGATGGGCTGTCTGCGTATTATGAAAATTGTCAAAACTTTCAACAATGGATCTCTTGG
TTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTC
CGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCCTGGCATTCCGGGGGGCATGCC
TGTCCGAGCGTCATTTCTGCCCTCAAGCACGGCTTGTGTGGGTGTGGTCCCCCCGGGGA
CCCTGCCCGAAAGGCAGCGGCGACGTCCGTCGTGTCCTCGAGCGTATGGGGCTTTGTC
ACTCGCTCGGGAAGGACCTGCGGGGGTTGGTCACCACCATATTTTACCACGGTTGACCT
CGGATCAGGTAGGAGTTACCCGCTGAACTTAAGCATATCAAT 
CONTIG AC 
TCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTGCGGGCCCT
CGCGGCCCAACCTCCCACCCTTGTCTTCATACACCTGTTGCTTTGGCGGGCCCACCGGG
GCACCTGGTGCGCGGGGGACGCACGTCCCCGGCCCGCGCCCGCCGAAGCGCTCTGTGA
ACCCTGATGAAGATGGGCTGTCTGAGTTTATGAAAATTGTCAAAACTTTCAACAATGG
ATCTCTTGGTTCCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTG
CAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCCTGGCATTCCGGGG
GGCATGCCTGTCCGAGCGTCATTTTTGCCCTCAAGCACGGCTTGTGTGTTGGGTGTGGT
CCCCCCGGGGACCTGCCCGAAAGGCAGCGGCGACGTCCGTCTGGTCCTCGAGCGTATG
GGGCTTTGTCACTCGCTCGGGAAGGACCTGCGGGGGTTGGTCACCACCATATTTTACCA
CGGTTGACCTCGGATCAGGTAGGAGTTACCCGCTGAACTTAAGCATATCAAT 
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Burkholderia gladioli has a membrane with a non-specific acid phosphatase binding which 
significantly improve nutrition, especially phosphate availability [18] and non pathogenic 
interaction with plants [4];[5]. A Burkholderia gladiolus has ability to fix nitrogen, mobilize 
phosphorus and stimulate plant growth [1];[15]. Moreover El Shafie [7] reported that Burkholderia 
gladioli, with its volatile organic compound, inhibited fungal growth and reduced the growth rate of 
Fusarium oxysporum and Rhizoctonia solani. Our result showed that Burkholderia produced oxalic 
acid (7.504 ppm); acetic acid (5.253 ppm), butyric acid (2.163 ppm), and lactic acid (4.338). In 
addition, Burkholderia produces glycoprotein as acid phosphates that translocated during 
glicosylation from cytoplasm to outer membrane and excreted to the environment [7]. 
 
Effect of phosphate solubilizing microbe on oil palm seedling growth and its nutrient uptake 
 The effect of phosphate solubilizing mocrobe inoculation on oil palm seedling growth and 
its nutrient uptake can be seen at Table 4. 
Table 4. Effect of phosphate solubilizing microbe inoculation on growth and P uptake of oil palm 
seedling  
Treatments Seedling 
height 
Leaf 
number 
Leaf 
width 
Leaf 
length 
Trunk 
diameters 
Fresh  weight 
(g/plant) 
Dry weight 
(g/plant) 
(cm) (sheet) (cm) (cm)  (cm) shoot root shoot root 
Control 70.72 10.48 15.37 53.67 4.49 300 99 93 20 
B. gladioli 71.92 10.81 15.21 53.70 4.51 295 102 92 21 
P  aculeatum 72.97 10.57 15.49 53.90 4.66 313 106 100 21 
      
 
P uptake 
 (mg/plant) 
P nutrient 
content (%) 
Soil P 
content 
(ppm) 
    
shoot roots shoot roots     
Control 388 74.41 0.42 0.38 2.303     
B. gladioli 383 78.95 0.44 0.38 2.427     
P aculeatum 434 81.93 0.43 0.39 2.658     
      
Table 4 indicates that phosphate solubilizing microbe increase palm oil seedling growth, P 
uptake, nutrient content, fresh weight and dry weight of the trunk and roots; although not 
significantly different. The application of Penicillium aculeatum gives the best result compared to 
those Burkholderia and control. This is most likely caused by Penicillium aculeatum adaptability on 
peat soil. Changes in Disolved Inorganic Phosphorus (DIP) concentration as a function of these 
environmental variables can be related to changes in the contribution of the various soil minerals to 
P adsorption [6]. It means that phosphate solubilizing microbe Burkholderia gladioli and 
Penicillium aculeatum have potency as biofertilizer to support small and marginal farmer to 
increase productivity and sustainability agriculture especially in peat soil.  
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CONCLUSION 
The results showed that Riau saprists peat soil has potency as a source of P solubilizing 
microbe.  Based on molecular identification, the highest P solubilizing microbes are Burkholderia 
gladioli P (OMI strain 16 S) and Penicillium aculeatum (strain LP 67). Application of this microbe 
on oil palm tree seedling showed that both microbes, especially Penicillium aculeatum, have 
contributed to the growth and P uptake of oil palm seedling.  
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